1. Introduction {#sec1}
===============

The phenomena of mass transport involve owing to the variance of the species concentration confirmed in a solution, it transfers them from the vicinity of higher to lower concentrations. Herein spectacle epoch, various processes are there, for example, absorption, thermal insulation, absorption, food processing and cooling towers, dispersal of hotness/wetness by groove fields and alcohol refinement with imperative mass transport applications. Besides, the mass transfer has a significant impact on the majority practices in living substance as, breathing, nourishment, sweating, etc. Also, the procedure of mass swap merged through the chemical reaction and activation energy is characteristically important in oil pool and geothermal processing, mechanism of liquid and lubricant emulsions, chemical engineering, food organizing, etc. It is essential to form the outcomes theoretically to approximate the influence of activation energy (AEN) other than experimental endeavors on the flows. Such kinds of interfaces can be perceived in the use and production of reactant species at altered levels during mass transport with the fluid. Bestman \[[@bib1]\] scrutinized the natural convection boundary-layer in the company of activation energy in which wall boundary travels in its surface. The activation energy impact on magneto flow via a channel in a porous media with an exothermic reaction was discussed by Mebine and Gumus \[[@bib2]\]. Awad et al. \[[@bib3]\] scrutinized the time-dependent flow (TDF) from an extended surface in a rotating liquid with energy activation and chemical reaction. Abbas et al. \[[@bib4]\] examined the stimulus of chemical reaction on TDF of Casson fluid near a stagnation point past a shrinking/stretched sheet by AEN and radiation properties. The belongings of entropy generation and chemical reaction containing magneto Casson liquid of a nanoliquid through a static wedge by AEN was inspected by Zaib et al. \[[@bib5]\]. Reddy et al. \[[@bib6]\] explored the 3D magneto flow of a nonlinear Newtonian nanoliquid through a slender sheet by non-linear radiation and AEN.

The scrutiny of non-Newtonian liquids was the spotlight in the past among the researchers owing to their imperative applications in several fields involving food processing, metal casting and extrusion, paper production, etc. The relations of Navier-Stokes equations are poor to explain the performance of the non-Newtonian liquids like blood, toothpaste, lubricants, paints, etc. Thus, different liquid models like Jeffrey, Maxwell, Casson, Sisko and Cross are amongst suggested by the researchers for the non-Newtonian fluid. The Cross liquid model is one of those models which interprets the yield stress characteristics analyzed by Cross \[[@bib7]\]. Also, this model is sufficient for characterizing the movement in the power-law vicinity and areas of higher and lower shear rates. Despite the power-law liquid, the finite viscosity can be accomplished when the shear factor disappears. Also, it holds a time invariable owing to that Cross model is useful for numerous calculations in the engineering and industries. Cross liquid model may be utilized in the synthesis of numerous polymeric mixtures like aqueous (35%) mixture of Xanthan gum, blood and aqueous (0.4%) mixture polyacrylamide \[[@bib8]\]. Khan et al. \[[@bib9]\] inspected the chemical reaction impact on the magneto flow of Cross liquid through a stretched surface. They observed the Weissenberg impact on the skin factor is contrary compared to the mass and heat transport rate. Recently, Khan et al. \[[@bib10]\] dissected the 2D flow involving Cross fluid by heat transport by a linearly stretching surface and obtained the results by utilizing the shooting scheme.

The influences of Soret and Dufour are enormously essential in the fluids which include better temperature and concentration gradients. Further, these effects are very vital in the insight of interesting microscopical physical phenomena challenged in the mechanics of fluid. The Dufour and Soret impacts accredited respectively as diffusion-thermo and thermo-diffusion. The thermo-diffusion effect (i.e., Soret impact) may be described as a dispersion of particles/molecules from the higher temperature region to the colder zone ensuing from a mass-flux. Moreover, the diffusion-thermo (i.e., Dufour effect) may be delineated as mass distribution of chemical species from the denser zone to the poor concentration region according to an imposed energy -flux. These effects may be established in the vicinity of the solar collectors, mixtures of semi-conductors, safety reactor, DNA, energy conservation of buildings and combustion flames. Prasad \[[@bib11]\] scrutinized the Soret and Dufour influences on flow towards an upright sheet in a non-Darcy media with an electric field. The influence of radiation with magnetic parameters on steady flow via a nonlinear stretched surface with Dufour and Soret impacts was examined by Pal and Mondal \[[@bib12]\]. Makinde \[[@bib13]\] scrutinized the influences of Dufour and Soret on magnetic flow from an upright solid sheet. Chamkha and Rashad \[[@bib14]\] studied the time-dependent flow along with mass and heat transports via a rotated erect cone. Zaib and Shafie \[[@bib15]\] discussed the impacts of Du and Sr on magneto reactive flow by viscous dissipation past a stretched surface. Reddy and Chamkha \[[@bib16]\] inspected the combined assumption of Du and Sr on flow comprising the water-based Al~2~O~3~ and TiO~2~ nanoliquids from a stretched porous sheet through heat absorption/generation. In recent times, Idowu and Falodun \[[@bib17]\] used the spectral relaxation procedure to discuss the non-linear fluid comprising the effects of Sr and Du constraints from a semi-infinite surface.

Falkner and Skan \[[@bib18]\] discovered the similarity results of the boundary layer flow through a fixed wedge. Then Hartree \[[@bib19]\] calculated the numerical results. Utilizing the similarity technique, the boundary-layer equation eases to ODE, which is also identified as the equation of Falkner-Skan. Further, this classical problem shifts to the Blasius flow problem if the wedge angle is considered to 0, whilst the problem reduces to Hiemenz flow if the wedge angle is set 180^0^. Postelnicu and Pop \[[@bib20]\] and Su et al. \[[@bib21]\] were considered the problem of Falkner-Skan through a stretched wedge, while Nadeem et al. \[[@bib22]\] recently investigated the problem of Falkner-Skan through a moving wedge as well as over a fixed wedge with the incorporation of the induced magnetic effect. In the light of these nanofluid problems, other recent pioneering research works have been reported comprehensively in \[[@bib23], [@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29], [@bib30], [@bib31]\].

Encouraged from the above discussions, the current study endeavors to scrutinize the Soret number and Dufour influences on electrically conducting fluid flows comprising Cross liquid affected by the activation energy along with the occurrence of a chemical reaction which is a binary one. The leading PDEs are transmuted into nonlinear ODEs through a similarity procedure. The rehabilitated ODEs system is then resolved by the built-in solver bvp4c. The impacts of physical constraints on the flow field are portrayed and discussed.

2. Formulation of the problem {#sec2}
=============================

Our purpose here is to inspect the steady 2D incompressible flow in concurrence with the heat and mass transportation characteristic of a Cross liquid through a shrinking/stretched configuration over a wedge. Significant considerations are given to the effective impacts of activation energy, Soret and Dufour along with binary chemical reaction. The geometry of the problem being posed in [Figure 1](#fig1){ref-type="fig"}, where the Cartesian coordinate *x* is utilized along the wedge surface and *y*-axis orthogonal to it. The velocity components $\left( {v,u} \right)$ are considered respectively along the *y-* and *x-*directions. It is presumed that the shrinking/stretching velocity of the wedge is signified through $u_{w} = U_{w}x^{m}$, where $\left( {U_{w} < 0} \right)$ and $\left( {U_{w} > 0} \right)$ correspond to the shrinking and stretching dynamical wall situations, respectively. Besides, the external flow of velocity is embodied via $u_{\infty} = U_{\infty}x^{m}$, were $U_{\infty}$ and $m$ are known dimensional constants. An erratic strength of the magnetic field has pertained in the +ve way of the *y-*axis. The induced magnetic impact is assumed to be of small magnitude. Based on the above discussions, the leading PDEs are \[[@bib10], [@bib17], [@bib18]\]:$$\frac{\partial v}{\partial y} + \frac{\partial u}{\partial x} = 0\text{,}$$$$v\frac{\partial u}{\partial y} + u\frac{\partial u}{\partial x} = u_{\infty}\frac{du_{\infty}}{dx} + \nu\frac{\partial}{\partial y}\left( {\frac{\partial u}{\partial y}\left( {1 + \left\{ {\Gamma_{1}\frac{\partial u}{\partial y}} \right\}^{1 - n}} \right)^{- 1}} \right) - \frac{\sigma B^{2}\left( x \right)}{\rho}\left( {u - u_{\infty}} \right)\text{,}$$$$v\frac{\partial T}{\partial y} + u\frac{\partial T}{\partial x} = \alpha\frac{\partial^{2}T}{\partial y^{2}} + \frac{D_{s}^{\prime}k_{T}^{\prime}}{c_{s}c_{p}}\frac{\partial^{2}C}{\partial y^{2}}\text{,}$$$$v\frac{\partial C}{\partial y} + u\frac{\partial C}{\partial x} - \frac{D_{s}^{\prime}k_{T}}{T_{m}^{\prime}}\frac{\partial^{2}T}{\partial y^{2}} = D_{s}^{\prime}\frac{\partial^{2}C}{\partial y^{2}} - k_{r}^{2}\left( \frac{T}{T_{\infty}} \right)^{n}\left( {C - C_{\infty}} \right)e^{- \frac{E_{a}}{\kappa T}}\text{.}$$Figure 1Physical diagram of the problem.Figure 1

The appropriate physical boundary restrictions are:$$\begin{array}{l}
{C = C_{w}\left( x \right),\ T = T_{w}\left( x \right),\ v = 0,\ u = u_{w}\left( x \right) = U_{w}x^{m}\text{~~~at~~~~}y = 0\text{,}} \\
\left. C\rightarrow C_{\infty},\ T\rightarrow T_{\infty}\text{,~}u\rightarrow u_{\infty}\left( x \right) = U_{\infty}x^{m}\text{~~~as~~}y\rightarrow\infty\text{.} \right. \\
\end{array}$$

Following Deswita et al. \[[@bib32]\] and Ishak et al. \[[@bib33]\], we confine the values of $T_{w}\left( x \right)$,$B\left( x \right)$ and $k_{r}$ in the subsequent structure:$$T_{w}\left( x \right) - T_{\infty} = bx^{0.5{(5m - 1)}},\ B = B_{0}x^{0.5{({m - 1})}},\ k_{r}^{2} = k_{0}^{2}x^{m - 1}.$$where $b$,$B_{0}$ and $k_{0}$ are three physical constants.

We form the similarity variables as:$$\begin{array}{l}
{\eta = y\left\{ \frac{\left( {1 + m} \right)U_{\infty}}{2\nu_{f}} \right\}^{0.5}x^{0.5{\{{m - 1}\}}},\ v = - \left\{ \frac{\left( {1 + m} \right)\nu_{f}U_{\infty}}{2} \right\}^{0.5}x^{0.5{\{{m - 1}\}}}\left\lbrack {f\left( \eta \right) - \left( \frac{1 - m}{m + 1} \right)\eta f'\left( \eta \right)} \right\rbrack,\ } \\
{\ u = U_{\infty}x^{m}f'\left( \eta \right),\ \varphi\left( \eta \right)\left( {C_{w} - C_{\infty}} \right) + C_{\infty} = C,\ \theta\left( \eta \right)\left( {T_{w} - T_{\infty}} \right) + T_{\infty} = T.} \\
\end{array}$$

Substituting [Eq. (7)](#fd7){ref-type="disp-formula"} in Eqs. [(2), (3), (4), and (5)](#fd2){ref-type="disp-formula"}, the following ODEs are achieved:$$\left( {1 + n\left\{ {We^{2}\left\{ \frac{1 + m}{2} \right\}^{0.5}f''} \right\}^{1 - n}} \right)\left( {1 + \left\{ {We^{2}\left\{ \frac{1 + m}{2} \right\}^{0.5}f''} \right\}^{1 - n}} \right)^{- 2}f''' + \left( {ff'' - M\left( {f' - 1} \right) + \frac{2m}{m + 1}\left( {1 - \left( {f'} \right)^{2}} \right)} \right) = 0,$$$$\theta'' + \left( {f\theta' - \left( \frac{5m - 1}{m + 1} \right)\theta f' + Du\varphi''} \right)\Pr = 0\text{,}$$$$\varphi'' + Sc\left( {f\varphi' + Sr\theta''} \right) - \left( \frac{2\beta}{m + 1} \right)\exp\left( \frac{- E}{1 + \delta\theta} \right)\left( {\delta\theta + 1} \right)^{n}Sc\varphi = 0\text{.}$$

The corresponding dimensionless boundary conditions are:$$\begin{array}{l}
{\varphi\left( \text{0} \right) = 1\text{,~}\theta\left( 0 \right) = 1\text{,}\ \ f'\left( 0 \right) = \lambda,\ f\left( 0 \right) = 0\text{~~~at~~}\eta = 0\text{,}} \\
\left. \theta\left( \eta \right)\rightarrow 0,\ \varphi\left( \eta \right)\rightarrow 0,\ f'\left( \eta \right)\rightarrow 1\text{~~~as~~}\eta\rightarrow\infty\text{.} \right. \\
\end{array}$$

The involved constraints used in Eqs. [(8)](#fd8){ref-type="disp-formula"}, [(9)](#fd9){ref-type="disp-formula"}, and [(10)](#fd10){ref-type="disp-formula"} are expressed mathematically as:$$\beta = \frac{k_{0}^{2}}{U_{\infty}},\ \ \ M = \frac{\sigma B_{0}^{2}}{\rho U_{\infty}},\ \ \ \delta = \frac{T_{w}}{T_{\infty}} - 1,\ \ \ {Re}_{x} = \frac{xu_{\infty}\left( x \right)}{\nu},\ \ \ E = \frac{E_{a}}{kT_{\infty}},\ \ \ \Pr = \frac{\nu}{\alpha},\ \ \ Du = \frac{D_{m}k_{T}\left( {C_{w} - C_{\infty}} \right)}{c_{s}c_{p}\nu\left( {T_{w} - T_{\infty}} \right)},\ \ \ Sr = \frac{D_{m}k_{T}\left( {T_{w} - T_{\infty}} \right)}{T_{m}\left( {C_{w} - C_{\infty}} \right)\nu},\ \ \ We^{2} = \frac{\Gamma_{1}^{2}U_{\infty}^{3}x^{3m - 1}}{\nu},\ \ \ \lambda = \frac{U_{w}}{U_{\infty}},\ \ \ Sc = \frac{\nu}{D_{m}}.$$

The above physical parameters are stated respectively for the reaction rate $\left( \beta \right)$, the magnetic parameter $\left( M \right)$, the temperature difference parameter $\left( \delta \right)$, the local Reynolds number $\left( {Re}_{x} \right)$, the activation parameter $\left( E \right)$, the Prandtl number $\left( \Pr \right)$, the Dufour number $\left( {Du} \right)$, the Soret number $\left( {Sr} \right)$, the Weissenberg number $\left( {We} \right)$, the stretching/shrinking parameter$\left( \lambda \right)$ and the Schmidt number $Sc$.

Herein, the main engineering quantities of primary interest to consider during the numerical computation are the friction factor $C_{f}$, the Sherwood number $Sh_{x}$ and the local Nusselt number $Nu_{x}$, which are signified as:$$C_{f} = \frac{2\tau_{w}}{\rho u_{e}^{2}},\ \ Sh_{x} = \frac{xq_{m}}{D_{m}\left( {C_{w} - C_{\infty}} \right)}\ \text{and}\ Nu_{x} = \frac{q_{w}x}{k\left( {T_{w} - T_{\infty}} \right)}\text{.}$$

Additionally, the shear stress $\left( \tau_{w} \right)$and the mass flux $\left( q_{m} \right)$, as well as the heat flux $\left( q_{w} \right)$at the wedge surface are described through the following expressions:$$\tau_{w} = \left\lbrack \frac{\mu\frac{\partial u}{\partial y}}{\left( {1 + \left( {\Gamma_{1}\frac{\partial u}{\partial y}} \right)^{1 - n}} \right)} \right\rbrack_{y = 0.},\ q_{m} = \left. {- D_{m}\left( \frac{\partial C}{\partial y} \right)} \right|_{y = 0}\ \text{and}\ q_{w} = \left. {- k\left( \frac{\partial T}{\partial y} \right)} \right|_{y = 0}\text{.}$$

Substituting [Eq. (7)](#fd7){ref-type="disp-formula"} into [Eq. (13)](#fd13){ref-type="disp-formula"}, one gets:$$\begin{array}{l}
{0.5\left( {Re}_{x} \right)^{0.5}C_{f} = \frac{\left( \frac{m + 1}{2} \right)^{0.5}f''\left( 0 \right)}{\left( {1 + \left\{ {We^{2}\left\{ \frac{1 + m}{2} \right\}^{0.5}f''\left( 0 \right)} \right\}^{1 - n}} \right)},} \\
{\left( {Re}_{x} \right)^{- 0.5}Nu_{x} = - \left( \frac{m + 1}{2} \right)^{0.5}\theta'\left( 0 \right),} \\
{\left( {Re}_{x} \right)^{- 0.5}Sh_{x} = - \left( \frac{m + 1}{2} \right)^{0.5}\varphi'\left( 0 \right).} \\
\end{array}$$

3. Numerical procedure of the problem {#sec3}
=====================================

The coupled system of equations from [(8)](#fd8){ref-type="disp-formula"}, 9 and (10) are highly nonlinear mathematically. These ODEs are quite complicated to solve analytically. Therefore, we utilized the numerical approach of bvp4c which is based on the three-stage Lobatto III-a method. This method is useful to handle the initial value problems with first-order differentiation. In broad mode, the Lobatto IIIA technique has been exercised for the two-point boundary value problem owing to their exceptional properties of stability and accuracy, which is esteemed to be of 4th-order in the entire interval. For this viewpoint, first to reduce our higher-order coupled system of equations into a system of 1st-order ODEs by owing to fresh variables. To accomplish the procedure, the following alterations are adopted:$$f = U_{1}^{\ast},\ f' = U_{2}^{\ast},\ f'' = U_{3}^{\ast},\ \theta = U_{4}^{\ast},\ \theta' = U_{5}^{\ast},\ \varphi = U_{6}^{\ast},\ \varphi' = U_{7}^{\ast}\text{.}$$

After inserting the above new notations in the governing equations, the resulting higher-order ODEs take the following form:$$\begin{pmatrix}
{U_{1}^{\ast}'} \\
{U_{2}^{\ast}'} \\
{U_{3}^{\ast}'} \\
\begin{array}{l}
{U_{4}^{\ast}'} \\
{U_{5}^{\ast}'} \\
{U_{6}^{\ast}'} \\
{U_{7}^{\ast}'} \\
\end{array} \\
\end{pmatrix} = \left( \begin{array}{l}
U_{2}^{\ast} \\
U_{3}^{\ast} \\
\frac{- \left( {1 + \left\{ {We^{2}\left\{ \frac{1 + m}{2} \right\}^{0.5}U_{3}^{\ast}} \right\}^{1 - n}} \right)^{2}\left( {U_{1}^{\ast}U_{3}^{\ast} + M\left( {1 - U_{2}^{\ast}} \right) + \frac{2m}{m + 1}\left( {1 - \left( U_{2}^{\ast} \right)^{2}} \right)} \right)}{\left( {1 + n\left\{ {We^{2}\left\{ \frac{1 + m}{2} \right\}^{0.5}U_{3}^{\ast}} \right\}^{1 - n}} \right)} \\
U_{5}^{\ast} \\
{- \Pr\left( {U_{1}^{\ast}U_{5}^{\ast} - \left( \frac{5m - 1}{m + 1} \right)U_{4}^{\ast}U_{2}^{\ast} + D_{f}U_{7}^{\ast}'} \right)} \\
U_{7}^{\ast} \\
{- Sc\left( {U_{1}^{\ast}U_{7}^{\ast} + SrU_{5}^{\ast}'} \right) + \left( \frac{2\beta}{m + 1} \right)\left( {1 + \delta U_{4}^{\ast}} \right)^{n}\ \exp\left( \frac{- E}{1 + \delta U_{4}^{\ast}} \right)ScU_{6}^{\ast}} \\
\end{array} \right).$$

Accordingly, the appropriate initial conditions keep the following structure:$$\left. \begin{array}{l}
{U_{1}^{\ast}\left( 0 \right) = 0,U_{2}^{\ast}\left( 0 \right) = \lambda,U_{4}^{\ast}\left( 0 \right) = 1,U_{6}^{\ast}\left( 0 \right) = 1,} \\
{U_{2}^{\ast}\left( \infty \right) = 1,U_{4}^{\ast}\left( 0 \right) = 0,U_{6}^{\ast}\left( 0 \right) = 0.} \\
\end{array} \right\}$$

The above system of equations may have multiple solutions or more than two solutions. Thus, the given numerical approach required different early guesses to satisfy conditions [(17)](#fd17){ref-type="disp-formula"}. Moreover, to run the process of bvp4c, it\'s required some initial early guesses. The early or initial guess is quite simple for finding the first result as compared to achieve the second result because they needed the best appropriate guess which is quite difficult. In the process of computation, we have observed that the maximum range of numerical integration $\eta_{\max} = 12$, which is quite good for reasonable graphical solutions to obey the conditions asymptotically. The step size value is reserved as $\Delta\eta = 0.01$. The iterative process is reiterated waiting for the mandatory tests to be obtained in compliance with the convergence criterion up to the accuracy point 10^−6^.

4. Results and discussions {#sec4}
==========================

For numerical simulation, the range of the arbitrary controlled parameters throughout the paper is constantly taken to be $m = 3,\ M = Sr = Du = n = 0.01,\ Sc = \beta = 0.5,\ We = E = \delta = 0.1$ and $\lambda = - 1.1$. The numerical comparison of the friction factor and the authenticity of the outcomes are made with the published results \[[@bib34], [@bib35]\] as described in [Table 1](#tbl1){ref-type="table"}, which gives an excellent agreement. More than one solution is obtained throughout the paper called multiple results (lower and upper branch results). Moreover, the entire paper is consisting by the upper and lower branch solutions in which the first branch solution (FBS) is denoted via the solid green lines and the second branch solution (SBS) is denoted by the dashed pink lines while the rest of the small red dot entirely denotes a critical point at which both (FBS) and (SBS) changing their behavior of solutions.Table 1Comparison of $\frac{1}{2}{Re}_{x}^{1/2}C_{f}$ through different $m$ with $M = n = We = 0$.Table 1$m$Chamkha et al. \[[@bib34]\]Yacob et al. \[[@bib35]\]Present-0.050.2134840.2138020.21380.00.3320570.3322060.33211/30.7574480.7575860.75741.01.2325881.2327101.2326

The analysis of various key-controlled constraints like Hartmann parameter $M$, Weissenberg number $We$, Schmidt number $Sc$, temperature difference parameter $\delta$, Soret and Dufour number $Sr,Du$, non-linear parameter $m$, stretching/shrinking parameter $\lambda$, activation parameter $E$ and reaction rate $\beta$ is illustrated in terms of the local skin factor $0.5\left( {Re}_{x} \right)^{0.5}C_{f}$, the Sherwood number $\left( {Re}_{x} \right)^{- 0.5}Sh_{x}$, the local Nusselt number $\left( {Re}_{x} \right)^{- 0.5}Nu_{x}$, temperature $\theta\left( \eta \right)$, velocity $f'\left( \eta \right)$and concentration profile $\varphi\left( \eta \right)$ are exposed in Figures [2](#fig2){ref-type="fig"}, [3](#fig3){ref-type="fig"}, [4](#fig4){ref-type="fig"}, [5](#fig5){ref-type="fig"}, [6](#fig6){ref-type="fig"}, [7](#fig7){ref-type="fig"}, [8](#fig8){ref-type="fig"}, [9](#fig9){ref-type="fig"}, [10](#fig10){ref-type="fig"}, [11](#fig11){ref-type="fig"}, [12](#fig12){ref-type="fig"}, [13](#fig13){ref-type="fig"}, [14](#fig14){ref-type="fig"}, [15](#fig15){ref-type="fig"}, [16](#fig16){ref-type="fig"}, [17](#fig17){ref-type="fig"}, [18](#fig18){ref-type="fig"}, [19](#fig19){ref-type="fig"}, [20](#fig20){ref-type="fig"}, [21](#fig21){ref-type="fig"}, and [22](#fig22){ref-type="fig"} while the streamlines are shown in [Figure 23](#fig23){ref-type="fig"}. The response of $M$ on $0.5{{Re}_{x}}^{0.5}C_{f}$, ${{Re}_{x}}^{- 0.5}Nu_{x}$and ${{Re}_{x}}^{- 0.5}Sh_{x}$against $\lambda$ are examined in a sequence of Figures [2](#fig2){ref-type="fig"}, [3](#fig3){ref-type="fig"}, and [4](#fig4){ref-type="fig"}. In [Figure 2](#fig2){ref-type="fig"}, it is clear that the first branch solution describes an enhancing trend with $M$, while the second branch result behaves oppositely. [Figure 3](#fig3){ref-type="fig"} explains that the portraits of the rate of heat transport upsurges owing to $M$ in the FBS and decreases in the SBS. Generally, the magnetic quantity which inclines heat to the fluid and enhances the heat transport through the sheet. Therefore, the magnetic number might be exploited as a tool for scheming the flow and the heat transport characteristic. In [Figure 4](#fig4){ref-type="fig"}, the Sherwood number shrinks owing to $M$ in the FBS and upsurges in the SBS. Moreover, it is scrutinized from these graphs that the multiple solutions survive for $\lambda_{c} > \lambda$, whose critical values are $\lambda_{c} = 0.58170,\ 1.08099,\ 1.71300$. Thus, the critical values augment signifying that the $M$ constraint stoppages the boundary-layer separation. Figures [5](#fig5){ref-type="fig"}, [6](#fig6){ref-type="fig"}, and [7](#fig7){ref-type="fig"} disclose the effects of Weissenberg parameter $We$ on the friction factor, heat and mass transport rate versus $\lambda$. [Figure 5](#fig5){ref-type="fig"} portrays that the friction factor reduces with $We$ in both solutions. Physically, the parameter $We$ is the fraction of liquid relaxation time and the process of a specific time. It enhances the liquid thickness and consequently, the liquid velocity depreciates. Accordingly, Figures [6](#fig6){ref-type="fig"} and [7](#fig7){ref-type="fig"} indicate that the Nusselt and the Sherwood numbers rise with enhancing the amount of $We$ in both solutions. The impacts of $Sc$, $\delta$ on the mass transport rate versus $\lambda$ are explored respectively in Figures [8](#fig8){ref-type="fig"} and [9](#fig9){ref-type="fig"}. [Figure 8](#fig8){ref-type="fig"} explains that the Sherwood number values initially upsurge up to $\lambda = - 1.2$ and then starting to shrink due to $Sc$ in the FBS, whilst the increasing drift is noticed in the SBS. Physically, as predicted $\varphi\left( \eta \right)$is decreased by higher $Sc$. It is because that the mass diffusivity diminishes for augmenting $Sc$ and therefore the concentration decreases. [Figure 9](#fig9){ref-type="fig"} depicts the Sherwood number augments due to $\delta$ in both solutions. The critical values in these portraits (Figures [8](#fig8){ref-type="fig"} and [9](#fig9){ref-type="fig"}) are $\left\{ {- 1.39536, - 1.39535, - 1.39534} \right\}$and $\left\{ {- 1.3986, - 1.3988, - 1.3993} \right\}$, respectively. Thus, the critical values are enhanced. Figures [10](#fig10){ref-type="fig"} and [11](#fig11){ref-type="fig"} display the impact of $Sr,Du$ on the rate of mass and heat transport against $\lambda$, where the double solutions are also portrayed statistically. In both Figs, the values of Sherwood and Nusselt number decline with augmenting both values $Sr,Du$ in the FBS, while the contrary results are observed in the SBS.Figure 2Impact of $M$ on $0.5\left( {Re}_{x} \right)^{1/2}C_{f}$.Figure 2Figure 3Impact of $M$ on $\left( {Re}_{x} \right)^{\frac{- 1}{2}}Nu_{x}$.Figure 3Figure 4Impact of $M$ on $\left( {Re}_{x} \right)^{\frac{- 1}{2}}Sh_{x}$.Figure 4Figure 5Impact of $We$ on $0.5\left( {Re}_{x} \right)^{1/2}C_{f}$.Figure 5Figure 6Impact of $We$ on$\left( {Re}_{x} \right)^{\frac{- 1}{2}}Nu_{x}$.Figure 6Figure 7Impact of $We$ on $\left( {Re}_{x} \right)^{\frac{- 1}{2}}Sh_{x}$.Figure 7Figure 8Impact of $Sc$ on $\left( {Re}_{x} \right)^{\frac{- 1}{2}}Sh_{x}$.Figure 8Figure 9Impact of $\delta$ on $\left( {Re}_{x} \right)^{\frac{- 1}{2}}Sh_{x}$.Figure 9Figure 10Impact of $Sr,Du$ on $\left( {Re}_{x} \right)^{\frac{- 1}{2}}Nu_{x}$.Figure 10Figure 11Impact of $Sr,Du$ on $\left( {Re}_{x} \right)^{\frac{- 1}{2}}Sh_{x}$.Figure 11Figure 12Impact of $m$ on $f'\left( \eta \right)$.Figure 12Figure 13Impact of $m$ on $\theta\left( \eta \right)$.Figure 13Figure 14Impact of $m$ on$\varphi\left( \eta \right)$.Figure 14Figure 15Impact of $We$ on $f'\left( \eta \right)$.Figure 15Figure 16Impact of $We$ on $\theta\left( \eta \right)$.Figure 16Figure 17Impact of $We$ on$\varphi\left( \eta \right)$.Figure 17Figure 18Impact of $M$ on $f'\left( \eta \right)$.Figure 18Figure 19Impact of $M$ on $\theta\left( \eta \right)$.Figure 19Figure 20Impact of $M$ on$\varphi\left( \eta \right)$.Figure 20Figure 21Impact of $E$ on $\varphi\left( \eta \right)$.Figure 21Figure 22Impact of $\beta$ on $\varphi\left( \eta \right)$.Figure 22Figure 23Streamlines patterns when *m* = 1.Figure 23

Figures [12](#fig12){ref-type="fig"}, [13](#fig13){ref-type="fig"}, and [14](#fig14){ref-type="fig"} exhibit the influence of the controlled parameter $m$ on $f'\left( \eta \right),\theta\left( \eta \right)$ and $\varphi\left( \eta \right)$ profiles, respectively. [Figure 12](#fig12){ref-type="fig"} demonstrates that the fluid velocity is escalating in both solutions when the value of the parameter $m$ augments. [Figure 13](#fig13){ref-type="fig"} depicts that the temperature distribution declines with enhancing $m$ in both solutions. The concentration profile ([Figure 14](#fig14){ref-type="fig"}) shows the decreasing behavior due to the increase of $m$ in the FBS, whilst the divergent observation is noticed in the SBS. In Figures [15](#fig15){ref-type="fig"}, [16](#fig16){ref-type="fig"}, and [17](#fig17){ref-type="fig"}, the impression of $We$ on the profiles $f'\left( \eta \right),\theta\left( \eta \right)$ and $\varphi\left( \eta \right)$ are highlighted. [Figure 15](#fig15){ref-type="fig"} depicts that the velocity distribution enhances owing to $We$ in both branches. In distinct, the temperature and the concentration profiles decline due to $We$ in both solutions as illustrated in Figures [16](#fig16){ref-type="fig"} and [17](#fig17){ref-type="fig"}, respectively. Physically, since $We$ is the ration of elastic to viscous forces, it shrinks the liquid thickness and therefore concentration and temperature decline. Figures [18](#fig18){ref-type="fig"}, [19](#fig19){ref-type="fig"}, and [20](#fig20){ref-type="fig"} elucidate the comportment of the liquid velocity, the temperature and the concentration related to $M$. The momentum layer of the boundary augments in the FBS and shrinks in the SBS due to the increase in $M$ as depicted in [Figure 18](#fig18){ref-type="fig"}, while [Figs.19](#fig19){ref-type="fig"} and [20](#fig20){ref-type="fig"} illustrate that the temperature and the concentration decline with augmenting $M$ in the FBS and upsurges in the SBS. The effects of $E$ and $\beta$ on the concentration are portrayed in Figures [21](#fig21){ref-type="fig"} and [22](#fig22){ref-type="fig"}, respectively. These portraits confirm that the concentration profile augments due to $E$ and shrinks due to $\beta$ in both solutions. Meanwhile, an increment in the values of $\beta$ guide to enhancement in the mathematical expression $\exp\left( {- E/1 + \delta\theta} \right)\left( {1 + \delta\theta} \right)^{n}$. So, this finally helps the negative chemical reaction which shrinks the fluid concentration. [Figure 23](#fig23){ref-type="fig"} is presented to explain the behavior of streamlines. The patterns depict that the streamlines are more obscured and split into two regions due to the stretching/shrinking parameter.

5. Final remarks {#sec5}
================

The current research deals a theoretical investigation on the 2D radiative magneto-flow along with the heat and mass exchange containing Cross fluid through a shrinking/stretching wedge. The influences of binary chemical reaction, Dufour number, activation energy and Soret number are also discussed. The initial PDEs are renovated into nonlinear ODEs through appropriate dimensionless variables and then worked out by the bvp4c scheme in the MATLAB program. Core findings of the current flow problem are:•By fortifying the magnetic field, we monitored an augment in the rate of heat transport and the friction factor in FBS and a decline in SBS. However, a contrary tendency is observed for the mass transport rate.•The profiles of temperature, velocity and concentration decline in FBS and upsurge in SBS for intensifying $M$.•The larger values of $We$ decline the friction factor in FBS and augment it in SBS, while an upsurge is depicted for the mass and heat transfer in both solutions.•The Dufour and Soret numbers shrink the mass and heat transport in FBS and augment it in SBS.•The concentration profiles increase due to $E$ and decline due to $\beta$ in both possible solutions.•The rate transfer of mass in both branches is improved because of the temperature difference parameter.
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